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Objective: Studies addressing possible socio-demographic and reproductive factors in the aetiology of
osteoarthritis (OA) are few. We studied possible inﬂuences of educational level, household income,
marital status and parenting patterns on OA risk overall and at anatomical sites.
Method: We linked national register data about socio-demographic variables, reproductive histories and
OA hospital contacts to a cohort of 4.6 million Danes. Ratios of ﬁrst OA hospitalisation rates (RRs) were
calculated using Poisson regression.
Results: Overall, 100,437 women and 92,020 men had a ﬁrst OA hospital contact during 91.5 million
person-years between 1982 and 2008. Short education, low income and married status were signiﬁcantly
associated with increased OA risk, and persons with children were at higher risk of OAoverall (RR¼ 1.10 in
women; RR¼ 1.22 in men), OAknee (RRs 1.14; 1.28), OAback (RRs 1.18; 1.33), and OAhand (RRs 1.21; 1.43), but
not of OAhip (RRs 0.96; 1.00) than persons without children. The RR of OAoverall increased by a factor of
1.05 in women and 1.04 in men per additional child, most notably for OAknee in women (1.10 per child).
Conclusion: Risk of OA hospitalisation was highest among married persons and persons with short
education or low income. The similar or even stronger associations with reproductive factors in men than
women suggest that unmeasured lifestyle factors rather than biological factors associated with preg-
nancy might explain the higher OA risk in persons with children. However, the particularly strong
association between parity and risk of OAknee in women is compatible with a role of pregnancy-
associated factors.
 2011 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Osteoarthritis (OA) causes pain and disability to affected indi-
viduals and huge health care and rehabilitation expenses to soci-
ety1e5. Among the established biological and lifestyle-related risk
factors for OA, e.g., genetic factors, congenital joint deformities,
joint injury, occupational physical activity, and obesity, ageing is
regarded as the most prominent one1,5. The prevalence and inci-
dence of OA at older age is higher in women than men4,6. For
instance for clinical and radiographic OA of the knee in women at
age 60e69 and 70e79 years the prevalence has been estimated at
14.9% and 16.5%, and the incidence at 658 and 1,082 per 100,000
person-years, respectively, while the corresponding prevalence and
incidence estimates in men are 7.9% and 10.2% and 487 and 839 perK.T. Jørgensen, Department of
ivej 5,DK-2300CopenhagenS,
s Research Society International. P100,000 person-years, respectively7,8. The association between OA
and age is believed to be due, at least in part, to age-related
increases in bio-mechanical risk factors such as obesity, weak-
ened neuromuscular joint protection mechanisms, increased joint
instability, decreased elasticity and reduced cartilage regenera-
tion4. A number of studies have examined whether reproductive
history might plausibly be associated with the excess risk of OA in
women9e18. A recent British cohort study of 1.3 million women
found the risk of knee and hip replacement to increase by 8% and
2%, respectively, with each additional child15. This possible
association between childbirths and OA risk may be related to
pregnancy-induced weight gain and joint laxity. Alternatively,
socio-demographic and lifestyle-related factors associated with OA
risk might differ betweenwomenwith and those without children.
The present study examined the association between socio-
demographic factors, reproductive history and subsequent risk of
OA overall and of OA of the hip, knee, back and hand speciﬁcally in
the Danish population. To separate biological effects of pregnancy
from non-biological effects of parenthood we also examined effects
of fatherhood on OA risk.ublished by Elsevier Ltd. All rights reserved.
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We established a cohort comprising all Danish women and men
born between 1935 and 1993. This cohort was linked to national
health registers by means of the unique identiﬁcation number
ascribed to all Danish inhabitants to obtain information about
socio-demographic factors, reproductive history and hospital
contacts for OA.
Socio-demographic factors
Annually updated information about educational level and
household income for all cohort members was obtained from the
Integrated Database for Labor Market Research, which contains
longitudinal information about the entire Danish population from
1980 to thepresent19. Informationaboutmarital statuswasobtained
from the Civil Registration System, a continuously updated database
containing individual-level information about all core demographic
variables for the entire Danish population since April 1, 196820.
Reproductive history
For both women and men, information about livebirths was
obtained from the Civil Registration System. This database provides
a virtually complete record of livebirths for women and men born
1935 or later20. We had information about all livebirths in the
cohort before January 1, 2005. The number of children was opera-
tionally deﬁned as the number of recorded pregnancies that
resulted in at least one liveborn child.
Hospital contacts for OA
We obtained information about ﬁrst primary hospital contacts
for OA in all Danish public hospitals and the vast majority of private
hospitals from the Danish National Patient Registry during the
period from January 1, 1982 to December 31, 2008 (including ﬁrst
primary outpatient hospital contacts for OA since January 1, 1995).
OA patients were identiﬁed using the International Classiﬁcation of
Diseases codes, eighth revision (ICD-8) from 1982 to 1993 or tenth
revision (ICD-10) from 1994 to 2008, including OA of the hip (ICD-8
code 713.00; ICD-10 group M16), knee (ICD-8 code 713.01; ICD-10
group M17), back (ICD-8 codes 713.10-15, 713.18-19, 713.29; ICD-
10 group M47), hand (ICD-8 code 713.03; ICD-10 group M18) and
other joints (ICD-8 codes 713.02, 713.04-06, 713.08-09; ICD-10
groups M15, M19).
Stratiﬁcation of person-years and OA outcomes
Women and men were analyzed separately. Each cohort
member contributed person-years at risk from her or his ﬁfteenth
birthday or January 1,1982, whichever came later, to the date of ﬁrst
hospital contact for OA, death, emigration, disappearance, or
January 1, 2009, whichever came ﬁrst. By the end of study on
December 31, 2008, cohort members born 1935 or later were
15e73 years old. Person-years and OA outcomes were stratiﬁed
according to values of a series of explanatory variables and potential
confounders of which most were time-dependent, including age,
birth cohort, calendar period (all in 1-year age groups), highest
obtained educational level among adults (18 years) in the
household (basic school, vocational education, high school, short
higher education, medium higher education, long higher educa-
tion), relative household income calculated as percent of the
average household income per adult according to birth year (<50%,
50e<75%, 75e<125%, 125e<150%, 150% of the average income),
marital status (unmarried, married, separated/divorced, orwidowed), number of children (0, 1, 2, 3, 4þ), age at birth of ﬁrst
child (<20, 20e24, 25e29, 30þ years), and time since birth of most
recent child (<2, 2e4, 5e9, 10e14, 15e19, 20þ years). The time-
dependent handling of exposures, confounders and outcomes
ensured that only pregnancies and educational levels attained
before the ﬁrst recorded OA hospital contact were considered. We
used relative household income for the calendar year 2 years before
the year of observation to minimise misclassiﬁcation due to
possible disease-associated changes in socio-economic factors
resulting from joint trouble that had not yet required a hospital
contact for OA.
Poisson regression analysis
The statistical analysis of the resulting table of stratum-speciﬁcOA
incidence rates was carried out as a log-linear Poisson regression
analysis, yielding rate ratios (RRs) of ﬁrst hospitalization rates for OA
with 95% conﬁdence intervals (CIs). We used RRs as a measure of the
relative risk. In RR calculations, we adjusted as a minimum for age,
birth cohort, and calendar period using cubic splines restricted to be
linear in the tails21. Adjustment for other variables was performed
using the categorizations described above. For modelling log-linear
trends, categorized quantitative variables were treated as contin-
uous variables by replacing each category by the person-years-
weighted median of the original variable in that category. The
modelﬁt of the log-linear trendmodelswere controlledby testing the
reduction from the categorical description. For the associations with
household income, number of children and time since most recent
childbirth the reduction to the log-linear trend model was not
acceptable (P< 0.05). All tests and CIs were therefore based on the
categorical variables. However, in order to describe the overall
patterns and facilitate the comparison of OA at the different
anatomical locations,wehavechosen topresent theestimatedchange
per unit obtained from the log-linear trends, but without CIs and
associated P-values. Two-sided tests were applied. P-values< 0.05
and 95% CIs excluding unity were considered statistically signiﬁcant.
Ethics




Among 2,248,492 women born in 1935e1993, 100,437 women
had a ﬁrst hospital contact for OA during 45.0 million person-years
of follow-up between 1982 and 2008 (median year 2003). The
median age at ﬁrst OA hospital contact was 54 years (interquartile
range 47e61). As some cohort members had sequential OA diag-
noses in more than one of the pre-classiﬁed joint-speciﬁc OA
categories, the total number of joint-speciﬁc ﬁrst hospital contacts
for OA was 113,807. The distribution of OA types by anatomical
location, socio-demographic factors and reproductive variables is
shown in Table I. All womenwith missing data regarding education
and income were excluded from the analyses, including 1,598
women with OA (1.6%). Consequently, the number of women with
OA included in the statistical analyses was 98,839.
Socio-demographic factors
Educational level was associated with OA risk in women.
Women living in households whose highest educational level was
basic school were at increased risk of OA compared to women
with a vocational level (RR¼ 1.11), while women whose highest
Table I
Anatomical localization, socio-demographic characteristics and reproductive history








Hip 23,751 23.6 23,607 25.7
Knee 45,196 45.0 42,337 46.0
Back 15,297 15.2 14,943 16.2
Hand 6,489 6.5 2,067 2.2
Other types 23,074 23.0 18,262 19.8
Overall* 100,437 100 92,020 100
Age at ﬁrst hospital contact for OA (yrs)
15e<30 2,599 2.6 3,497 3.8
30e39 7,706 7.7 10,197 11.1
40e49 21,940 21.8 22,552 24.5
50e59 39,208 39.0 33,185 36.1
60e73 28,984 28.9 22,589 24.5
Year of ﬁrst OA hospital contact
1982e1984 781 0.8 1,005 1.1
1985e1989 2,617 2.6 2,939 3.2
1990e1994 7,227 7.2 7,727 8.4
1995e1999 19,476 19.4 18,965 20.6
2000e2004 30,284 30.2 28,069 30.5
2005e2008 40,052 39.9 33,315 36.2
Highest educationy
Basic school 28,306 28.2 22,099 24.0
Vocational education 41,830 41.6 42,987 46.7
High school 1,870 1.9 1,915 2.1
Short higher education 5,090 5.1 5,470 5.9
Medium higher education 16,589 16.5 13,848 15.0
Long higher education 5,810 5.8 4,998 5.4
Missing data 942 0.9 703 0.8
Relative household income (%)z
<50 9,213 9.2 7,211 7.8
50e74 28,156 28.0 20,953 22.8
75e124 48,075 47.9 47,794 51.9
125e149 6,734 6.7 7,231 7.9
150 7,509 7.5 8,154 8.9
Missing data 750 0.7 677 0.7
Marital status
Unmarried 10,436 10.4 15,747 17.1
Married 65,859 65.6 62,565 68.0
Divorced 16,802 16.7 11,822 12.8
Widowed 7,340 7.3 1,886 2.0
Number of children
0 11,433 11.4 16,245 17.7
1 15,031 15.0 14,397 15.6
2 43,107 42.9 36,786 40.0
3 22,325 22.2 17,645 19.2
4þ 8,541 8.5 6,947 7.5
Time since birth of most recent child (yrs)
0e<2 847 1.0 2,373 3.1
2e4 2,259 2.5 4,164 5.5
5e9 4,949 5.6 7,479 9.9
10e14 7,310 8.2 9,016 11.9
15e19 10,159 11.4 10,319 13.6
20þ 63,480 71.3 42,424 56.0
* Overall number of OA patients is less than the sum of type-speciﬁc OA patients
because patients may be diagnosed with more than one type of OA.
y Highest educational level among adults in the household.
z Household income is measured in percent of the average household income per
adult according to birth year.
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higher (RR¼ 0.88), medium higher (RR¼ 0.88) and long higher
(RR¼ 0.68) were at signiﬁcantly reduced risk (Table II). This
overall pattern of lower OA risk in the better educated strata was
seen for all subtypes of OA.
Risk of OA was also related to income per adult in a household.
Womenwith relative household incomes of<50% or 50e75% of the
average household income were at higher risk of OA than the
reference group of women with household incomes correspondingto 75e125% of the average income (RR¼ 1.05 and 1.10, respec-
tively), while women with a household income of 125e150% or
150% of the average household income were at reduced risk
(RR¼ 0.84 and 0.84, respectively) (Table II). For OA of the hip, knee
and back the association with relative household income followed
that of the overall association, while for OA of the hand the highest
risk was found for women with an average household income.
For marital status married, divorced and widowed womenwere
at signiﬁcantly higher risk of OA than unmarried women (Table II).
Similar patterns were seen for OA of the knee, back and hand, while
the risk of OA of the hip was only weakly associated with marital
status.
Reproductive history
Women who had given birth to at least one child were at
increased risk of OA compared to women with no children
(RR¼ 1.10). Similar associations of increased risk among women
with children were seen for OA of the knee (RR¼ 1.14), back
(RR¼ 1.18) and hand (RR¼ 1.21), but not for OA of the hip
(RR¼ 0.96) (Table III). Among parous women, there was a positive
association between the number of liveborn children and the risk of
OA (RR¼ 1.05 per additional child) after adjusting for age, calendar
period, birth cohort, educational level, household income, marital
status and age at ﬁrst childbirth. However, this associationwas seen
exclusively for OA of the knee (RR¼ 1.10 per additional child)
(Table III), whereas the number of childrenwas unrelated to the risk
of OA of the hip, back or hand.
The risk of OA was positively associated with time since the
most recent childbirth (RR¼ 1.07 per additional 5 years since last
childbirth) after adjusting for age, calendar period, birth cohort,
socio-demographic factors, number of children and age at ﬁrst
childbirth, and this association also applied to all subtypes of OA.Men
In the cohort of 2,352,445 men born in 1935e1993, 92,020 men
hadaﬁrst hospital contact forOAduring46.5millionperson-yearsof
observation between 1982 and 2008 (median year: 2003) at
amedian age of 53 years (interquartile range 44e59). The 92,020OA
patientshad a total of 101,216 joint-speciﬁcﬁrst hospital contacts for
OA. The distribution of OA types by anatomical location is shown in
Table I. As for the women, we excluded all cohort members with
missing information about household income or household educa-
tion, including 1,329 with OA (1.4%). Consequently, the number of
menwith OA included in the statistical analyses was 90,691.
Socio-demographic factors
For OA overall, men whose highest household educational level
was basic school or vocational education were at higher OA risk
than menwith high school education or higher education. This was
most pronounced for men with a long higher education who were
at approximately half the risk of men with a vocational education
(RR¼ 0.53). Generally, this pattern of lower risk among the better
educated men applied to each of the studied anatomical subtypes
of OA.
OA risk was also related to household income. Generally,
economic afﬂuence, as experienced by those with a relative
household income of 150% of the average household income for
Danish men, was associated with a 23% reduced risk of OA overall,
ranging from 14% for OA of the hip to 31% for OA of the back.
Like the situation for women, married, divorced and widowed
men were at higher risk of OA than unmarried men (Table II), an
association that applied to OA of the knee, back and hand, but not to
OA of the hip.
Table II
RRs of OA according to educational level, household income and marital status among 15e73 years old women and men, Denmark 1982e2008
OA overall OA hip OA knee OA back OA hand
RR* 95% CI RR* 95% CI RR* 95% CI RR* 95% CI RR* 95% CI
Women
Highest educationy
Basic school 1.11 1.09e1.13 1.13 1.10e1.17 1.13 1.11e1.16 1.15 1.11e1.20 0.93 0.87e0.99
Vocational education 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference
High school 0.84 0.80e0.88 0.94 0.85e1.05 0.84 0.78e0.91 0.66 0.58e0.75 0.74 0.60e0.91
Short higher education 0.88 0.85e0.91 0.98 0.92e1.04 0.89 0.85e0.92 0.72 0.67e0.78 0.94 0.84e1.05
Medium higher education 0.88 0.87e0.90 0.98 0.95e1.02 0.89 0.87e0.92 0.74 0.71e0.78 0.91 0.85e0.97
Long higher education 0.68 0.66e0.70 0.85 0.80e0.90 0.62 0.60e0.65 0.53 0.49e0.57 0.66 0.59e0.74
Test for homogeneity P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001
Relative household income (%)z
<50 1.05 1.03e1.08 1.06 1.01e1.11 1.10 1.07e1.14 1.17 1.11e1.24 0.86 0.78e0.94
50e74 1.10 1.09e1.12 1.10 1.07e1.14 1.12 1.09e1.14 1.27 1.22e1.31 0.92 0.87e0.98
75e124 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference
125e149 0.84 0.82e0.86 0.93 0.88e0.98 0.83 0.80e0.86 0.72 0.67e0.77 0.81 0.73e0.90
150 0.84 0.82e0.87 0.97 0.93e1.02 0.80 0.77e0.83 0.73 0.68e0.78 0.83 0.75e0.91
Test for homogeneity P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001
Change per 25% increase 0.96 0.98 0.95 0.91 0.99
Marital status
Unmarried 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference
Married 1.13 1.10e1.15 0.95 0.90e0.99 1.15 1.12e1.19 1.25 1.18e1.33 1.37 1.25e1.52
Divorced 1.28 1.25e1.31 1.08 1.02e1.14 1.26 1.21e1.31 1.71 1.60e1.83 1.53 1.37e1.71
Widowed 1.16 1.12e1.20 1.03 0.97e1.10 1.19 1.13e1.25 1.33 1.22e1.46 1.17 1.01e1.34
Test for homogeneity P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001
Men
Highest educationy
Basic school 1.01 0.99e1.03 1.21 1.17e1.25 0.85 0.83e0.88 1.22 1.18e1.27 0.87 0.77e0.97
Vocational education 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference
High school 0.66 0.63e0.69 0.69 0.62e0.77 0.61 0.56e0.65 0.74 0.66e0.83 0.49 0.34e0.69
Short higher education 0.91 0.88e0.93 1.05 0.99e1.11 0.90 0.87e0.94 0.82 0.76e0.88 0.76 0.62e0.92
Medium higher education 0.82 0.81e0.84 0.91 0.88e0.95 0.85 0.82e0.87 0.75 0.72e0.79 0.79 0.69e0.89
Long higher education 0.53 0.51e0.54 0.65 0.61e0.68 0.50 0.48e0.53 0.50 0.46e0.54 0.45 0.37e0.55
Test for homogeneity P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001
Relative household income (%)z
<50 0.90 0.88e0.92 0.97 0.92e1.02 0.75 0.72e0.78 1.30 1.23e1.38 0.99 0.84e1.16
50e74 1.04 1.02e1.05 1.05 1.01e1.08 0.95 0.92e0.97 1.31 1.26e1.36 1.02 0.92e1.14
75e124 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference
125e149 0.81 0.79e0.83 0.86 0.81e0.90 0.84 0.81e0.87 0.74 0.69e0.79 0.76 0.64e0.90
150 0.77 0.75e0.79 0.86 0.82e0.90 0.77 0.74e0.80 0.69 0.64e0.73 0.71 0.60e0.83
Test for homogeneity P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001
Change per 25% increase 0.97 0.98 0.99 0.90 0.95
Marital status
Unmarried 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference
Married 1.25 1.22e1.27 0.99 0.95e1.03 1.43 1.39e1.48 1.26 1.20e1.32 1.43 1.25e1.65
Divorced 1.28 1.25e1.32 0.95 0.90e1.00 1.37 1.32e1.43 1.58 1.49e1.68 1.75 1.47e2.08
Widowed 1.21 1.15e1.27 0.96 0.88e1.05 1.35 1.26e1.45 1.23 1.07e1.40 1.36 0.96e1.88
Test for homogeneity P < 0.001 P ¼ 0.17 P < 0.001 P < 0.001 P < 0.001
* Adjusted for age, calendar period and birth cohort.
y Highest educational level among adults in the household.
z Household income is measured in percent of the average household income per adult according to birth year.
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Menwho fathered at least one child were at increased risk of OA
compared tomenwith no children (RR¼ 1.22). This associationwas
seen for OA of the knee, back and hand but, as for women, the risk of
OA of the hip did not differ betweenmenwith andwithout children.
Among men with children, there was a positive association
between the number of children and the risk of OA overall
(RR¼ 1.04 per additional child) after adjusting for age, calendar
period, birth cohort, socio-demographic factors and age at birth of
the ﬁrst child. Similar associations were observed for OA of the hip,
knee and back, whereas the number of children was unrelated to
the risk of OA of the hand.
Generally, the risk of OA was not associated with time elapsed
since a man fathered his most recent child.
Discussion
With approximately 200,000 hospitalized cases of OA among
women and men our study is by far the largest to investigate thepossible associations between socio-demographic factors, repro-
ductive history and the risk of OA. Salient observations include an
increased risk of OA in women and men with a family education at
basic school or vocational level, and a low household income, in
women and men who were or had been married and in persons
with children. Inwomen the risk of OA of the knee increased by 10%
with each additional child.
Associations between socio-demographic factors and OA risk
were rather similar in women and men, and several characteristics
were shared by the studied anatomical subtypes of OA. However,
for OA of the kneewomenwith a lower household income or a basic
school education level were at increased risk while for men the risk
was higher among those with an average income or a vocational
education level. This sex difference in the association between
socio-economic status and OA of the knee has been reported
previously22, but remains unexplained. Otherwise, the associations
between family educational level and income and OA risk might
indicate that persons, who are unemployed, on early retirement,
have unskilled or manual work or for other reasons have a lower
Table III
RRs of OA according to reproductive history among 15e73 years old Danish women and men*,y
OA overall OA hip OA knee OA back OA hand
RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI
Women
Childrenz
0 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference
1þ 1.10 1.07e1.12 0.96 0.91e1.00 1.14 1.10e1.18 1.18 1.11e1.25 1.21 1.10e1.33
Number of children
1 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference
2 1.02 1.00e1.04 1.00 0.96e1.04 1.06 1.03e1.09 0.92 0.88e0.97 1.00 0.93e1.08
3 1.10 1.07e1.12 1.04 0.99e1.09 1.19 1.15e1.23 0.97 0.91e1.02 1.08 0.99e1.17
4þ 1.12 1.09e1.16 1.01 0.95e1.07 1.31 1.26e1.37 0.93 0.86e1.00 0.98 0.87e1.10
Test for homogeneity P < 0.001 P ¼ 0.14 P < 0.001 P ¼ 0.007 P ¼ 0.09
Change in RR per child 1.05 1.01 1.10 0.99 1.02
Time since birth of most recent child (yrs)
<2 0.57 0.53e0.61 0.74 0.63e0.87 0.59 0.53e0.67 0.47 0.39e0.56 0.60 0.39e0.89
2e4 0.80 0.76e0.84 0.86 0.76e0.97 0.79 0.73e0.85 0.92 0.82e1.02 0.79 0.61e1.02
5e9 0.91 0.87e0.94 0.90 0.82e0.99 0.93 0.88e0.98 0.94 0.87e1.02 0.94 0.79e1.11
10e14 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference
15e19 1.06 1.02e1.09 1.09 1.01e1.18 1.02 0.98e1.07 1.07 1.00e1.14 1.14 1.01e1.30
20þ 1.12 1.08e1.15 1.19 1.10e1.28 1.07 1.02e1.12 1.08 1.01e1.16 1.29 1.13e1.46
Test for homogeneity P < 0.001 P < 0.001 P < 0.001 P < 0.001 P< 0.001
Change in RR per 5 years increase 1.07 1.07 1.05 1.05 1.09
Men
Childrenz
0 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference
1þ 1.22 1.20e1.25 1.00 0.96e1.04 1.28 1.24e1.32 1.33 1.26e1.41 1.43 1.23e1.66
Number of children
1 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference
2 1.03 1.01e1.05 1.04 1.00e1.08 1.05 1.02e1.08 0.95 0.90e0.99 0.91 0.80e1.04
3 1.08 1.06e1.11 1.14 1.08e1.19 1.06 1.03e1.10 1.03 0.97e1.09 1.00 0.86e1.16
4þ 1.11 1.07e1.14 1.14 1.08e1.21 1.07 1.02e1.11 1.11 1.03e1.19 1.07 0.88e1.29
Test for homogeneity P < 0.001 P < 0.001 P ¼ 0.002 P < 0.001 P ¼ 0.18
Change in RR per child 1.04 1.06 1.02 1.04 1.03
Time since birth of most recent child (yrs)
<2 0.92 0.88e0.97 0.89 0.79e1.00 0.96 0.89e1.03 0.90 0.80e1.01 0.82 0.58e1.14
2e4 0.93 0.90e0.97 0.90 0.82e0.99 0.98 0.93e1.04 0.94 0.86e1.03 1.00 0.77e1.30
5e9 0.97 0.94e1.00 0.92 0.85e0.99 1.01 0.96e1.06 0.96 0.89e1.03 0.92 0.74e1.15
10e14 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference
15e19 0.99 0.97e1.02 1.03 0.97e1.10 1.00 0.96e1.04 0.92 0.86e0.98 1.01 0.83e1.24
20þ 1.01 0.98e1.04 1.09 1.03e1.16 1.00 0.96e1.04 0.93 0.87e1.00 1.03 0.85e1.25
Test for homogeneity P < 0.001 P < 0.001 P ¼ 0.78 P ¼ 0.14 P ¼ 0.78
Change in RR per 5 years increase 1.01 1.04 1.00 1.00 1.02
* Analysis of the impact of livebirths were carried out for a cohort of women and men born 1935 through 1993 who were 15e73 years old during follow-up for OA in the
period 1982 through 2008.
y All RRs are adjusted for age, calendar period, birth cohort, marital status, highest family education level and household income. In addition, RRs for number of children is
adjusted for age at birth of ﬁrst child; RRs for time since birth of most recent child are adjusted for number of children and age at birth of ﬁrst child.
z Number of children operationally deﬁned as each woman’s number of pregnancies resulting in at least one liveborn child and among men as the number of pregnancies
they fathered that resulted in at least one liveborn child.
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Long-termweight gain has been shown to be higher inwomenwith
lower educational levels23, so obesity might plausibly explain part
of the observed association between education level, income and
OA risk. Alternatively differences across socio-economic strata in
other factors, e.g., occupational physical activity and muscle
strength, known to affect OA risk might also be involved.
Under normal physiological conditions joints are protected by
a stable alignment, muscle strength, proprioceptive ability, synovial
ﬂuid lubrication, and shock-absorbing functions of bone and
cartilage5. However, these functions become impaired with age and
for unknown reasons the age-associated increase in OA incidence is
greater in women6. In a recent cohort study that included around
22,000 women undergoing a hip or a knee replacement during
follow-up, Liu et al. found that the risk of hip and knee replacement
increased by 2% and 8% per additional childbirth, respectively15. In
our study the risk of OA of the knee was also positively associated
with the number of children a woman had given birth to, while the
risk of OA of the hipwas not. For each childbirth the risk of OA of the
knee increased by 10% in women. We also examined whether
a similar association could be found in men. For each child a manhad fathered the risk of OA of the knee increased by 2%. For men
with four or more children this corresponded to a 7% increased risk
of OA of the knee compared tomenwith one child, whereaswomen
who had given birth to four or more children were at a 31%
increased risk. We assume that effects of family life on OA risk are
similar in Danish women and men, and as such the ﬁnding of an
increasingly higher risk of OA of the knee in women with more
children than in men might indicate that pregnancy-related factors
rather than family-life factors could be involved in this association.
The average weight for 25e44-year-old Danish women is approx-
imately 69 kg, and during pregnancy Danish women have been
shown to gain 15 kg on average24,25. Thus, at the end of pregnancy
the average relative weight gain is approximately 22%. Further-
more, pelvic joint laxity is an essential natural phenomenon that
enables vaginal delivery, but joint laxity also increases in peripheral
joints and may affect joint stability and susceptibility to injury26,27.
The combination of a considerable transient weight gain and
increased joint laxity in pregnancy might explain, at least in part,
the ﬁndings of an increased long-term risk of OA of the knee in
women with multiple offspring. Alternatively, a possible associa-
tion between childbirths and subsequent risk of OA of the knee
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in cartilage that might be affected by the elevated levels of sex
hormones during pregnancy28.
Obesity is among the strongest andmost established risk factors
for OA of the knee29e31. So, to the extent parity is linked to the
development of obesity, it is important to try and separate effects of
pregnancy-associated long-term weight gain from effects of short-
term pregnancy-induced weight gain on the risk of OA of the knee.
Reproductive history has been shown to be associated with body
weight at middle age inwomen. In the study by Liu et al. body mass
index at the age of 55e57 years was 25.8 kg/m2 in nulliparous
women, and 26.1, 26.0, 26.5 and 27.4 kg/m2 in women with one,
two, three and four or more children, respectively15. A Swedish
study with 5,464 women found that the weight gain from age
20 years to middle age was 12.1 kg in nulliparous women, 13.0 kg,
13.3 kg, 13.0 kg, 15.4 kg and 16.7 kg in women with 1, 2, 3, 4 and
5e8 children, respectively23. These studies from populations that
are comparable to the Danish indicate that nulliparous women and
parous women with one to three children have approximately the
same weight gain at the end of the reproductive period. Therefore,
it seems plausible that the increasingly higher risk of OA of the knee
in women with one, two and three children is not explained by
obesity, but for women with four or more children long-term
weight gain after pregnancy may play a role in the observed
higher risk of OA of the knee in this subset of women. Nonetheless,
pregnancy-related weight gain no matter whether it is short term
or long term increases the load on the knees and may therefore
have an effect on the development of OA.
The reduced risk of OA of the knee, back and hand inwomen and
menwithout children remains unexplained. The similar ﬁndings in
women and men suggest that factors related to family lifestyle
rather than biological factors of pregnancy are involved. Childless-
ness has previously been shown to be more common in women of
higher socio-economic status inNorway32buthasalsobeen found to
be associated with a higher risk of premature mortality among
women and men33,34. We adjusted for educational level, family
income andmarital status in our analyses, but other yet unidentiﬁed
lifestyle differences might exist between persons with and without
children that could bear on the risk of OAof the knee, back andhand.
The ﬁnding of a reduced risk of OA of the knee, back and hand in
unmarried women and men is in line with the lower risk of OA
among persons without children. In contrast there was a lack of an
association between parenthood and marital status and OA of the
hip in the present aswell as in a previous study14. Thus, it seems that
theyet unidentiﬁed lifestyle factors that arepossiblyassociatedwith
reduced risks of OA of the knee, back and hand in unmarried and
childless persons do not also protect against OA of the hip. Plausibly,
our ﬁndings suggest that the aetiology of OA of the hip may differ
from that of OA of the knee and other anatomical locations.
Women and men who retain the ability and desire to have
children may generally constitute a healthy subset of the pop-
ulation35. Such a “healthymother” effect might explain the reduced
risk of OA in the ﬁrst few years after pregnancy, although this
ﬁnding might also reﬂect the possibility that women with small
children might postpone hospital treatment for joint symptoms
until the children have grown older.
Despite its size, its cohort design, and its population-based
nature, our study has a number of limitations that need attention.
Only an unknown proportion of patients with OA are treated for
their musculoskeletal problems, and the decision to treat may be
inﬂuenced by a number of individual factors in addition to those
related to the severity of symptoms and radiographic signs, such as
a person’s threshold for reporting pain and the patient’s health-
seeking behaviour. Thus, it is possible that the observed higher
risk of OA in married persons and those with children is a result ofa more active health-seeking behaviour. However, such behaviour
would likely be associated with treatment of all subtypes of OA, and
we observed only weak or insigniﬁcant associations between
marital status or parenthood on one side and the risk of OA of the
hip on the other.
Anthropometric measurements such as weight and height are
not available from Danish population registers, so we were unable
to adjust for such body measures. In all analyses, we adjusted for
educational level, household income and marital status, so over-
weight associated with these socio-demographic variables was
partly accounted for. Moreover, we did not have information about
use of hormonal replacement therapy or age at menopause, factors
that may also be related to OA development and reproductive
history.
We relied on hospital diagnoses of OA in the Danish National
Patient Register. This register has been validated for a number of
diseases (e.g., rheumatoid arthritis, epilepsy and stroke36e38) but
not speciﬁcally for OA. Thus, the OA hospital diagnosis presumably
has some degree of misclassiﬁcation where some of the patients
classiﬁed in our study as OA patients actually did not have OA.
However, such non-differential misclassiﬁcation in hospital diag-
noses would tend to favour a null ﬁnding. Furthermore, to increase
the validity of the OA diagnosis we only included primary hospital
contacts in our study. All patients who are admitted to Danish
hospitals are upon discharge given one primary diagnosis and up to
20 secondary diagnoses.
To identify OA outcomes in our study, we relied on ﬁrst hospital
contacts for OA among our cohort members. For an unknown
proportion of OA patients a hospital contact may occur rather late
in the disease course. This may be a problem in the assessment of
a correct temporality between the recorded childbirths and the
timing of the OA outcome. However, the median age at ﬁrst OA
hospital contact was 54 and 53 years among women and men,
respectively, which is well beyond the normal reproductive period.
Finally, the cohort only comprised persons in the age-span from 15
to 73 years and some OA patients will not be referred to hospital.
Therefore our ﬁndings may not necessarily apply to OA patients
with onset at older age or with mild disease that are managed
exclusively in settings outside Danish hospitals.
In this cohort study, the number of childbirths was only clearly
positively associated with OA of the knee in women which is
compatible with a role for pregnancy-associated weight gain and
joint laxity in women with multiple childbirths. Lifestyle differ-
ences might plausibly explain the general increased risk of OA in
women and men with children. The lack of an association between
OA of the hip and reproductive history plausibly reﬂects that risk
factors differ between OA in various anatomical locations. Lifestyle
differences may at least in part be responsible for the reduced risk
of OA in persons who are unmarried, have a long higher education,
and have a higher than average income.
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